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ABSTRACT: A power responsive overload sensing and pro- 
tective circuit for the protection of an active electrical device 
developing an output to a load with resistive means between 
two electrodes of the active device, a resistor between an elec- 
trode of the device and the load and with the resistive means, 
the resistor, and the load connected in series between a volt- 
age power supply and ground. The circuit includes a voltage 
value threshold level sensing detector having two inputs con- 
nected across a section of the resistive means and the resistor, 
and an output connected to a clamp device in turn connected 
between a signal input path to the active device and ground. 
The resistive values of the resistive means and the resistor are 
value selected to insure the development of predetermined 
voltage ratios between the voltage supplied and the voltage 
across the load. In one embodiment resistor values of the re- 
sistive means are so chosen that the voltage developed across 
one of them is quantitatively substantially equal to the voltage 
developed across the resistor connected to the load when the 
voltage developed across the load is approximately equal to 
one-half the voltage supplied. 
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POWER RESPONSIVE OVERLOAD SENSING CIRCUIT 

This invention relates in general to power overload sensing 
and circuit protecting systems, and in particular, to a power 
responsive overload sensing and protection providing circuit 
with very rapid substantially instantaneous sensing of and 
reaction to power overloads. 

The invention described herein was made in the per- 
formance of work under a NASA contract and is subject to the 
provisions of Section 305 of the National Aeronautics and 
Space Act of 1958, Public Law 85—568 (72 Stat. 435; 42 
U.S.C. 2457). 

Protection of active electrical devices from power over- 
loads, for example, accidental short circuit of an amplifier out- 
put, has been a significant well-known problem with electrical 
circuits. The problem is particularly significant with the in- 
troduction of various active solid state devices, such as 
transistors, that have come into very wide use, especially since 
such devices are notably unforgiving of overloads. Please 
note, however, that applicant’s s protective system embodi- 
ments are quite applicable to other active devices such as 
vacuum tubes, motors, generators and others. Generally, 
every practical active device has performance and power limit 
specifications which must be observed if a useful service life is 
to be obtainable, with, for example, such limit specifications 
for transistors being collector current, collector emitter volt- 
age, and collector power dissipation. While overvoltage and 
overcurrent conditions are relatively easy to guard and protect 
against the more troublesome and usual failure mode is power 
overload where neither collector emitter voltage nor current 
maximum are necessarily exceeded. One method for obtaining 
protection from over-dissipation that has been employed is to 
place a thermal sensor in good contact with a transistor 
mounting or case with the sensor also connected to ap- 
propriate control circuitry capable of deenergizing the 
transistor circuit in response to an overheat condition. The 
significant deficiency in this approach is the unavoidably long 
thermal time constant between the power dissipating 
transistor junction to be protected and the sensor measuring 
heat thereby preventing any reasonably rapid protective con- 
trol response. Another method for achieving power protec- 
tion, and, in this instance, on a substantially instantaneous 
response basis, is through use of a simple computer connected 
and utilized for maintaining a continuous computation of dis- 
sipation from the collector voltage and current measurements 
as computer information inputs, with the computer also 
providing feed to threshold deenergizing circuits. This, quite 
obviously, is relatively a very expensive and elaborate power 
overload protection approach practical only for very special 
circumstances. 

It is, therefore, a principal object of this invention to pro- 
vide a power responsive overload sensing circuit capable of 
substantially instantaneous sensing of and reaction to power 
overloads. 

Another object is to provide such a relatively simple inex- 
pensive power overload protective circuit advantageously 
providing substantially the same beneficial protective results 
as with some of the computer power overload protective 
systems without the relatively great expense and complexity 
associated with such computer systems. 

A further object is to lessen space requirements in providing 
such protection with protective output control fast, with 
operation intervals easily controlled, and with operation not 
disturbed by reactive loads. 

Features of this invention useful in accomplishing the above 
objects include, in power responsive overload sensing and pro- 
tective circuit systems for the protection of active electrical 
devices, the use of impedance means between two electrodes 
of an active electrical device with one of these electrodes con- 
nected to an elevated voltage potential source and the other of 
the electrodes connected to an impedance connected in series 
with the output load and through the output load to ground. A 
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typical circuit utilizing applicant’s power responsive overload 
sensing circuit is an NPN transistor amplifier having a signal 
input connection from a signal source to the base of the 
transistor, a collector connection to a voltage supply and m 
5 emitter connection through a resistor to the output load and 
through the output load to ground. This circuit also includes 
two resistors series connected between the collector and the 
emitter of the NPN transistor. A two input threshold detector 
has one input connected between a common junction of the 
1 0 resistors connected between the collector and emitter of the 
NPN transistor and the other input connected to the common 
junction of the resistor and load connection. The output of the 
threshold detecting circuit is connected as an input to a clamp 
circuit also having a connection to ground and an output con- 
nection to the base of the NPN transistor. The resistor con- 
nected between the emitter and the load is essential to opera- 
tion of applicant’s invention with Z L representing the load. 
The first resistor immediately connected to the collector and 
20 to the voltage supply is so value selected as to insure such cur- 
rent flow through the other resistor connected between the 
transistor collector and emitter that when the voltage 
developed thereby across that particular resistor is approxi- 
mately equal to the voltage developed across the resistor con- 
25 nected in series between the emitter and the load Z L when the 
voltage V 0 developed across the load resistance Z L is approxi- 
mately equal to one-half the voltage V c of the voltage supply. 
One reason for these selections is to insure that the current 
flow through the second resistor connected between the col- 
30 lector and the emitter of the transistor be much smaller than 
the total current flow from the voltage supply source through 
the circuit including the load to ground. With the optimized 
voltages as set forth above the voltage V s developed across the 
two interconnected resistors, the second resistor between the 
35 collector and emitter and the series connected resistor 
between the emitter and the load is so controlled by the 
threshold detecting circuit and the clamping circuit so as to 
remain substantially constant. This is with any increase in load 
current causing the voltage developed across the resistor in se- 
^ ries with the load and thereby the voltage V, to increase, and 
this, through its effect on the threshold detector in controlling 
the protecting circuit, causes the transistor through the clamp- 
ing control applied to the base thereof to go to a safe state. 

Specific embodiments representing what are presently re- 
garded as the best modes of carrying out the invention are il- 
lustrated in the accompanying drawings. 

In the drawings: 

FIG. 1 A represents a schematic of a transistor amplifier cir- 

cuit receiving and amplifying an input signal and supplying an 
output to a load, and with various circuit resistive elements 
developing various voltages with the operational currents 
therethrough; 

FIG. IB, a schematic of the same circuit as in FIG. I A also 
55 including a threshold detector connected for measuring the 
voltage developed through two of the resistive elements of the 
amplifier circuit and providing ah output connected to a 
clamp circuit device for overload sensing control of the cir- 
cuit; 

FIG. 2, the graph of the voltages developed across two of 
the resistive components of the circuit of FIGS. 1A and IB 
and the total voltage V* across the two resistive elements 
through a range of voltages V 0 developed across the output 
load during operation; 

65 FIG. 3, a schematic of a two-transistor amplifier circuit and 
the power overload sensing and protective responsive circuit 
as applied thereto; 

FIG. 4, a schematic block diagram showing how a series 
push-pull amplifier stage with the power overload sensing and 
70 protective circuit so used therewith as to provide true power 
responsive protection derived from sense voltage shaping; 

FIG. 5A, a graph of percent of transistor power dissipation 
P rf versus percent of voltage V 0 developed across the output 
load for a basic sense circuit such as shown with the circuits of 
75 FIGS. I and 2; and 
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FIG. SB, a graph of percent of transistor power dissipation 
Pgf, or collector dissipation, as the case may be, versus the per- 
cent of voltage V e developed across the output load useful in 
indicating the improved operational response characteristics 
obtained with the shaped sense circuit as employed with the 
embodiment of FIG. 4. 

Referring to the drawings: 

In a relatively simple transistor amplifier circuit of FIG. 1A 
a signal source III is connected as the input to the base of NPN 
transistor 1 1 having a collector connection to positive voltage 
supply 12, The voltage supply 12 is also connected serially 
through resistors 13, 14, and 13 to the output load 16 and 
through the load, having a characteristic impedance Z L> to 
ground. The emitter of transistor 11 is connected to the com- 
mon junction of resistors 14 and IS across which, respectively, 
voltages Vji and V z are developed, and across both of which an 
operational voltage V a is developed. Further, an operational 
voltage V 0 is indicated as being developed across the output 
load impedance Z L . Referring also to FIG. IB, the same basic 
amplifying circuit is shown to have a power responsive over- 
load sensing and control circuit added in the form of threshold 
detector 17 connected for receiving one input from the junc- 
tion of resistors 13 and 14 and a second input from the junc- 
tion of resistor IS and the output load 16. The threshold de- 
tector circuit 17 is shown to have an output line connection to 
clamp device IS that also has a ground connection and an out- 
put connection to the base of NPN transistor 11. 

With an operational voltage V c for the voltage supply 12 
equal to 100 volts,Zj=50 ohms, resistor 15=1 ohm, resistor 
14=100 ohms, and resistor 13=4.9 ohms please refer to the 
following tabulated operational relations and to the graph of 
FIG. 2. 
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An important facet is that the sense voltage, V„ remains, 
generally, substantially constant. With the circuit overload 
protective features of FIG. IB any increase in load current 
causes V 2 and thus V a to increase. With V* increased across 
the inputs to threshold detector circuit 17, a load increase 
causes transistor 11 to return to a safe power dissipating state. 

The circuit configuration of FIG. 3 has actually been used. 
In this embodiment the parallel connected NPN transistors 
11 ' and 11 " are independently monitored through voltage 
parameter developing resistors 13', 14' and 15', and 13", 
14", and IS", and diodes 19 and 20, respectively. The signal 
source 10 is connected for supplying an input to preamplifier 
driver circuit 21 with a connection to positive voltage supply 
12 and an output connection to the bases of both NPN 
transistors II' and 11". The collector of NPN transistor 11' is 
connected through fuse 22 to positive voltage supply 12 , and 
through resistor 13' to the common junction of the anodes of 
diodes 19 and 23, The cathode of diode 19 is connected 
through resistor 14' to the junction of the emitter of transistor 
It' with resistor 15'. The other end of resistor 15' is con- 
nected both to the load 16' and to threshold detector circuit 
17'., The collector of NPN transistor 11" is connected through 
fuse 24 to positive voltage supply 12, and through resistor 13" 
to the common junction of the anodes of diodes 20 and 25. 
The cathode of diode 20 is connected through resistor 14" to 
the junction of the emitter of transistor 11" with resistor 15". 
The other end of resistor 15" is connected both to the load 
16' and to threshold detector circuit 17'. The common junc- 
tion of resistors 15' and 15" and the load 16' in the connec- 
tion to threshold detector circuit 17' is connected in common 
to an end of resistor 26 and to the emitter of NPN transistor 
27. The other end of resistor 26 is connected in common to 
the cathodes of diodes 23 and 25 with the diodes serving to 
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isolate the respective sense circuits from each other. The NPN 
transistor 27, functioning as a threshold detector, has a base 
connection to adjustable tap 28, of the resistor 26, providing a 
threshold adjustment. The collector of NPN transistor 27 is 
5 connected to the base of PNP transistor 29, performing as a 
DC level shifter and inverter, having an emitter connection to 
the positive voltage supply 12 and a collector connection to 
the base of clamp NPN transistor 18'. Transistor 18' as a 
clamp stage for the audio input, has an emitter connection to 
*0 ground and a collector connection to the input connection 
from signal source 10 to preamplifier circuit 21 . 

Normally during operation transistors 27, 29, and 18' are 
nonconducting since the base-emitter voltage of NPN 
transistor 27 is generally too small. However, when an over- 
D load condition develops and/or a short occurs, for example, an 
accidental short circuit across Z L or either transistor 11 ' or 
11 " becomes short-circuited from collector to emitter, the 
resulting increase in current through either diode 23 or 25, 
20 respectively, generally causes transistors 27, 29, and 18' to 
conduct and thereby clamp the amplifier circuit input from 
signal source 10 to ground. Further, since the entire modula- 
tor amplifier circuit is direct coupled the bases of transistors 
11 ' and II" are moved toward ground if not actually in fact 
25 returned to ground providing partial to complete cutoff of the 
transistors 11 ' and 11 ". 

In the occasional case of a shorted transistor 11' or 11", the 
entire load becomes diverted to the defective transistor. The 
resulting multiplication of current through that, respective, 
30 transistor 11 ' or 11 " as the case may be, causes the respective 
collector fuse 22 or 24 to open. Then when the power loading 
returns below the overload threshold for the amplifier 
transistors, the circuit reverts to normal operation other than 
for a particular transistor having an open collector fuse. 

35 During a fault condition, the output current will generally 
be maintained somewhat above zero in order to thereby, as a 
necessary condition, sustain a clamped state. By increasing the 
threshold adjustment, the current maintaining the clamped 
state may be increased to insure that the fuse of a particular 
40 shorted or otherwise power overloaded subcircuit will be 
blown open. Further, by such adjustment it is also possible to 
provide some measure of control over the onset of a power 
overload. If activation speed is very important resistors 14' 
and 14" may be a little larger value resistors to, in effect, 
^ make the circuit regenerative in the damped state and tend to 
lock the circuit in the clamped state. In the alternative, to have 
a slower but more controllable damping action, in the event 
of subcircuit power overloading, the resistive values of re- 
^ sisters 15' and 15" should be somewhat less. Should tempera- 
ture compensation be required, suitable temperature reactive 
elements may be provided in several places in the sensor or 
threshold circuits. 

It is of interest to note that a circuit as shown in FIG. 3, and 
^ with circuit values and parameters as set forth hereinafter, ad- 
vantageously provided power overload protective response 
time under 10 microseconds. This was with a static load cur- 
rent of 26 amperes at 20 volts and with this power overload re- 
peatedly short circuited through a subcircuit in series with a 
6 Q Tampere standard fuse without any perceptible change in the 
fuse. 

While applicant’s power responsive overload sensing circuit 
embodiments hereinbefore described may be quite adequate 
in giving great power overload protection in many ways they 
65 generally do not provide circuit facilities for responding to 
transistor power dissipation. With a substantially constant 
load impedance, as assumed with the embodiments hereinbe- 
fore described, the permissible instantaneous transistor dis- 
sipation varies with the ratio of output voltage to supply volt- 
70 age as indicated in FIG. 5A. With this performance capability 
obtained with such prior described circuits much of a 
transistor’s operational power capabilities are not realizable 
particularly when output voltage V 0 departs from VJ2 or 
when the load Z L is variable. 

75 Optimal true dissipation response behavior may be obtained 
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by processing V* through a shaping network in thereby attain- said second electrode connection; and with said first and 

ing a power proportional response characteristic. While this second voltage level connections spanning at least a section of 

may be accomplished through more than one circuit configu- each of said first and second resistive means, 

ration a specific example is shown in FIG. 4. This refined em- 2. The power responsive overload sensing circuit of claim I, 

bodiment employs diodes as squaring elements acting on duo 5 wherein said third signal input control electrode of said elec- 
output signal points of a series push-pull power amplifier. In trical signal amplifying device is connected for receiving a 

this embodiment two outputs of signal source 10 ' are applied, signal input transmitted through signal path means from a 

respectively, to the bases of NPN transistor 30 and PNP signal source; a clamping device; said voltage value threshold 

transistor 31 the emitters of which are interconnected by the detector having an output as an input connection to said 

substantially equal value series connected resistors 32 and 33. clamping device; said clamping device also being provided 

The emitter of NPN transistor 30 is also connected through re- with a connection to ground as said second potential reference 

sister 34 to the common junction of resistors 35 and 36 and on source, and an output connection to said signal path means 

through resistor 35 to positive voltage supply 12 in common from a signal source whereby the input signal applied to said 

with the collector of transistor 3d, and with the power supply j ^ third signal input control electrode of said electrical signal am* 
1 2 also connected for supplying voltage to threshold detector plifying device is subject to being attenuation clamped as 

17'. The collector of PNP transistor 31 is connected to nega- determined by the signal level developed out of said voltage 

tive voltage supply 37 while the emitter thereof is connected value threshold detector and applied to said clamping device, 

through resistor 38 to the common junction of resistors 39 and 3. The power responsive overload sensing circuit of claim 2, 

40, and on through resistor 39 also to negative voltage supply 20 wherein said first potential reference source is a voltage power 
37. The ends of resistors 36 and 40 remote from transistors 30 source. 

and 31 are interconnected through series connected diodes 41 4. The power responsive overload sensing circuit of claim 2, 

and 42 with the anodes toward resistor 36 and cathodes wherein said electrical signal amplifying device is a first 
toward resistor 4© and with the resistors 36 and 40 and the transistor with the transistor base being said third signal input 
diodes forming a shaping network 43. The common junction 25 control electrode connected for receiving the input signal; 
of diodes 41 and 42 is connected to the common junction of with said clamping device being a second transistor having a 

resistors 32 and 33 and through capacitor 44 to the output base connection to the output of said threshold detector; the 

load 45. The junction of resistor 36 and diode 41, and the emitter-collector circuit of the second transistor being in a ex- 
junction of resistor 4© and diode 42 are connected as sensing cuit path from said signal path means to said second potential 
connections of shaping network 43 to threshold detector dr- 30 reference source; and with said second, potential reference 
cuit 17' having an output connection to protection control cir- source being ground. 

cuit 46 the output of which is connected as a controlling input, 5. The power responsive overload sensing circuit of claim 2, 

or clamp, for signal source 10'. This provides operation power wherein a plurality of said electrical signal amplifying devices 
overload sensing and response characteristics as indicated in are connected in parallel to the input signal source; the said 
FIG. SB with maximum transistor power dissipation having 35 first resistive means of each electrical signal amplifying device 
been obtained over the entire operating range. This approach is connected to said first voltage level connection of said 
is, advantageously, especially useful, for example, in variable threshold detector; and connection of said second voltage 
regulated power supply control systems. level connection to the second resistive means of each eleetri- 

Thus, there are hereby provided improved power respon- cal signal amplifying device, 
sive overload sensing circuits individually providing various 6 . The power responsive overload sensing circuit of claim 5, 
operational advantages such as effective inherently fast wherein said first resistive means of each electrical signal am- 
response to substantially instantaneous transistor power dis- plifying device each include at least two resistors with the 
sipation. With parallel transistor circuits such sensing and con- junction between resistors of each connected to said first volt- 
tro! circuitry is readily useable for independently and simul- age level connection of said threshold detector, 
taneously monitoring all the transistors. Further, such cir- ^ 7. The power responsive overload sensing circuit of claim 6, 

cuitry is much less complex, less expensive, and requires less wherein first and second diodes are provided in the circuit 
space than with previously known sensing and overload pro- with each of said first resistive means with first like diode elec- 

tective systems of the art. Clamp interval behavior may be trodes connected to and through one of the two resistors to 

readily controlled and there is substantially no degredation in ^ said first potential reference source, the second electrode of 
operational behavior attributable to reactive loading. said first diode connected to a second of the two resistors of a 

Whereas this invention is herein illustrated and described said first resistive means, and the second electrode of said 

with respect to specific embodiments thereof, it should be second diode being connected to the said first voltage level 

realized that various changes may be made without departing connection of said voltage value threshold detector, 
from the essential contributions to the art made by the 55 8 . The power responsive overload sensing circuit of claim 1 , 

teachings hereof. wherein said first resistive means includes a first resistor and a 

I claim: second resistor; said second resistive means is a third resistor; 

L A power responsive overload sensing circuit for use with with said first, second, and third resistors series connected In 
electrical signal amplifying devices including: an electrical order from said first potential reference source to said load 
signal amplifying device having a control electrode, a collec- 50 terminal connective means and, on through a load connected 
tor electrode, and an emitter electrode among a plurality of in the circuit to said second potential reference source; with 
electrode connections with a first electrode connection to a said resistors so value selected that current flow through the 
first potential reference source, connection of a second elec- resistors during operation develops substantially the same 
trode to a second potential reference source, and a third signal quantitative voltage value across said second and third re- 
input control electrode connection; first resistive means con- 65 sistors when the voltage developed across the load is approxi- 
nected between said first and second electrodes; second re- mately equal to one-half the voltage of said first potential 
sistive means connected to said second electrode and in series reference source; and with said second and third resistors 
with a load between said second electrode and said second being the respective sections of said first and second resistive 
potential reference source; load terminal means connected means spanned between said first and second voltage level 
between said second resistive means and said second potential 70 connections of said voltage value threshold detector, 
reference source; a voltage value threshold detector having at 9. A power overload sensing and protective circuit with a 

least two voltage level connections, with a first voltage level series push-pull amplifier stage with substantially true power 

connection to an intermediate connection point of said first responsive protection derived from sense voltage shaping 
resistive means; with a second voltage level connection to said wherein: an NPN transistor and a PNP transistor have emitters 
second resistive means at a connective point displaced from ?5 interconnected by first and second series connected resistors, 
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collectors connected to" a positive voltage supply and a nega- 
tive voltage supply, respectively, and with the transistor bases 
connected for receiving inputs from a signal source; the 
emitter of the NPN transistor connected through, serially third 
and fourth resistors to said positive voltage supply, and the 
common junction of said third and fourth resistors being con- 
nected through a fifth resistor to a first input connection of a 
threshold detector circuit; the emitter of the PNP transistor 
connected through, serially, sixth and seventh resistor to said 
negative voltage supply, and the common junction of said 
sixth and seventh resistors being connected through an eighth 
resistor to a second in connection of said threshold detector 
circuit; the first and second input connections of said 


threshold detector circuit being interconnected by an even 
number plurality of series connected diodes with anodes 
toward said first connection and cathodes toward said second 
input connection, and with a diode cathode to anode connec- 
5 tion between the innermost of said series connected diodes; 
the common junction of said first and second series connected 
resistors and said center diode cathode to anode connection 
being interconnected and connected through, serially, a signal 
coupling capacitor and the output load to one of said power 
U supplies; and with an output of said threshold detector circuit 
being connected through protection control circuitry to said 
signal source. 
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